Introduction
4-Substituted hexahydro-inden-5-ols and the corresponding hexahydroindene derivatives are important intermediates in the stereoselective synthesis of 19-norsteroids. [3] Moreover, they can serve as intermediates for the synthesis of 5,6,7,7a-tetrahydro-4H- indenes, which have been successfully employed as chiral templates in the asymmetric synthesis of allylic alcohols via a Diels-Alder reaction, diastereoselective adduct transformation and retro Diels-Alder reaction sequence. [4] Base-induced alkylation of the ,-unsaturated ketone 1 [5] usually affords the 4-substituted hexahydroindene-5-ones in only moderate yields [6] due to the high basicity of the corresponding alkali dienolates. [6b] Moreover, an undesirable O-alkylation cannot be avoided and mixtures of the C-and Oalkylated products are formed. [6a,c,e] Only the use of highly S  2 reactive [7] electrophiles like -bromoacetophenone affords the 4-substituted hexahydroinden-5-ones in reasonable yields. [8] In an extension of our previously reported method for the synthesis of 4-substituted hexahydroindene-5-ones 4 by thioalkylation of zinc dienolate 2, [9] we report here the synthesis of 4-substituted hexahydroinden-5-ols 6 and their corresponding hexahydroindene derivatives 10 by in situ reduction of the initially formed 4-substituted hexahydroindene-5-ones 4.
Results and discussion
Deprotonation of the ,-unsaturated ketone 1 was performed with potassium hydride in THF. It turned out, that this reaction had to be carried out at r.t.
over a period of 3 h in order to achieve complete formation of the potassium dienolate. At lower temperatures the deprotonation was incomplete, whereas at higher reaction temperatures considerable decomposition took place. The transmetalation to the corresponding zinc dienolate 2 was performed with 1.3 equiv. of zinc chloride at -30 °C. The transmetalation was completed within 1 h. The excess of zinc chloride promotes the subsequent Lewis acid catalyzed thioalkylation. 1.1 equiv. of the -chlorosulfides rac-3 were added at -70 °C and the reaction mixture was allowed to warm up slowly to r.t. According to TLC analysis the thioalkylation takes places at -30 °C to -20 °C. Exclusively, -thioalkylation at C-4 took place. There was no evidence for the formation of any O-alkylated product. 1 H NMR spectroscopical analysis of the crude alkylation product indicates that ,-unsaturated ketones 4
were formed initially (Scheme 1). Under the reaction condition no isomerization of the double bond into the more favorable ,-unsaturated position was observed. Considerable isomerization was observed only at temperatures above 0 °C. However, upon aqueous acidic work-up the double bond of these ,-unsaturated ketones 4 isomerized back into conjugation with the carbonyl group to afford the more stable ,-unsaturated ketones (not shown).
Scheme 1: Thioalkylation of Hajos Wiechert ketone (1) with subsequent in situ reduction to afford 4-substituted hexahydro-inden-5-ols 6-8.
This isomerization can be avoided by in situ reduction of the carbonyl group. This was achieved the best by using LiAlH 4 for the reduction (Scheme 1).
After aqueous work-up the diastereomeric phenylthio alcohols 5 were reductively desulfurized by using lithium in liquid ethyl amine affording the homoallylic alcohols 6 as mixtures of diastereomers.
The diastereoselectivity of the thioalkylation in favor of the 4-isomer was only moderate (49 -54 % d.e.) . The diastereoselectivity of the reduction at C-5 highly depends on the reducing agent ( Table 1) . Lithium aluminium hydride yields in general predominately the 5S-configurated reduction products 6
whereas the reduction with L-selectride affords mainly the 5R-configurated reduction products 7. In any case, the three homoallylic alcohols 6 -8 can be separated easily by simple flash chromatography on silica gel ( Table 1) . The (4R, 5R)-diastereomer was not detectable.
The configuration at C-5 was determined by a 1 H NMR spectroscopical analysis of the corresponding (+)-(R)-and (-)-(S)-MTPA ester [10] for 6e and 7e.
According to this analysis C-5 possesses the S configuration for 6e whereas 7e has R configuration at C-5. The relative configuration between C-4 and C-5 could be determined via their coupling constant (Figure 1 ). For diastereoisomers 6 the 6-membered ring adopts a chair conformation in which both the 5-OH and the 4-substituent are equatorial while the angular 7a-Me is axial. Hence the J H-4,H-5 of 10-11
Hz found for compounds 6 corresponds to a transdiaxial coupling of protons H-4, H-5. Therefore, C-4 must possess the S configuration. Likewise, a con- Reduction of Hajos-Wiechert ketone 1 affords in general 5configured alcohols due to a hydride attack from the less shielded side. [11] Therefore it can be assumed that the minor diastereomer formed during thioalkylation, which has the thioalkyl group on the -side, is being reduced to the cis-disposed homoallylic alcohol 8 with S configuration at C-5.
The equatorial homoallylic alcohols 6 and 8 undergo smooth mesylation, whereas the axial alcohol 7 is unreactive ( Tables 2 & 3) . Under more drastic conditions using DMAP, mesylation of the axial alcohol 7 results in elimination (presumably E2): this is consistent with the trans-diaxial position of H-4 and the leaving group. Table 2 : Chemical yields of the two step deoxygenation process to yield hexahydroindenes 10.
Mesylates 9 and 11 were deoxygenated according to Fujimotos protocol by using sodium iodide and zinc in dimethoxyethane. [12] Reductive deoxygenation proceeds smoothly to afford hexahydroindenes 10 in 85 -92 % yield for the conformationally stable, diequatorial diastereoisomer 9, in which the cisrelationship between H-4 and the leaving group precludes E2-elimination (Scheme 2).
Scheme 2:
Mesylation and deoxygenation of hexahydroinden-5-ols 6 to afford hexahydroindenes 10.
In contrast, a trans-relationship exists between H-4 and 5-OMs for diastereoisomer 11, again resulting in elimination (Scheme 3). Possibly this elimination might proceed via an alternative conformer in which the large 4-substituent is equatorial while H-4 and 5-OMs have a trans-diaxial orientation. All reagents were purified and dried if necessary before use by standard laboratory procedures. [13] THF was freshly distilled from Na/K alloy prior to use. CCl 4 was distilled from P 4 O 10 . The ethereal ZnCl 2 solution was purchased from Aldrich. The phenyl sulfides were prepared from the corresponding halides or mesylates with thiophenol and K 2 CO 3 in acetone. [14] -Chlorosulfides rac-3. [15] General Procedure: NChlorosuccinimide (0.82 g, 6.1 mmol) was added in a single portion to a stirred solution of the corresponding alkylphenyl sulfide (5.5 mmol) = 266 (7) 60, 24.97, 26.40, 27.24, 29.14, 31.74, 37.29 and 38.37 (C-1', C-2, C-2', C-3', C-4', C-5', C-6 and C-7) -4), 20.17, 22.49, 32.74, 34.65, 38.38 and 40 .21 (C-1', C-2, C-2', C-5, 22.74, 26.81, 28.89, 32.38, 32.82, 38.41 and 40.23 (C-1', C-2, C-2', C-3', C-4', C-5, C-6 and C-7), 47.23 52, 22.71, 27.08, 28.89, 31.95, 32.43, 32.83, 38.40 and 40.23 (C-1', C-2, C-2', C-3', C-4', C-5, C-5', C-6 and C-7), 
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